Introduction
Compact and suitable for integration optical switches are desired for realizing future photonic network systems.
Thermo-optic (T-O) switches constructed by Si photonic-wire waveguides are widely studied as a candidate for the compact switch because less than 50 m long very compact Mach-Zehnder Interferometer (MZI) type thermo-optic switch has already realized [1] . However, the power consumption for the switching operation is still large (~90 mW) and the switching speed is a bit slow (~100 μs) [1] for use in photonic network systems. The reason of high power consumption and slow switching speed is considered as ineffective heater structure used in the switches.
In this paper, we analyzed T-O effect in the switch with a heat-transfer analysis tool and studied for the optimal heater structure to reduce switching power and improve switching speed.
Structure of the switch
Analytical structure of the switch which is a MZI type T-O switch constructed by Si photonic-wire waveguides is shown in Fig. 1 . The switching operation is realized by changing refractive index of the waveguide which is one of the MZI branches using micro heater formed on the waveguide. T dT
Using this equation, we can obtain required temperature change for the switching operation.
Calculation model for thermal analysis
We used multiphysics heat-transfer library of COMSOL for analyzing characteristics. Figure 2 shows the calculation model of phase shifter portion used in this study. We calculate for only 1/4 structure of actual phase shifter structure because of structural symmetry of the switch. In the model, we assume the top surface of the switch is touched (contacted) with air. The temperature of the bottom surface was given as constant by assuming the device is mounted on a large heat sink. And the symmetric boundary condition was adopted for the side surface with the structural symmetry.
The boundary conditions used for the calculation was as follows, 
Calculation results and discussions
As a metal of the heater material, we assume to use Platinum. Structural and material parameter used in the calculation was summarized in Table 1 . Figure 3(a) shows calculated time response of temperature change of the waveguide when rectangular current pulse was applied in the heater. In this case, time constants for rising and down edge of the waveguide temperature were 9.6 μs and 5.8 μs, respectively those are 10 times faster than those of experimental result [1] . We consider the reason is that calculated heater width (1 m) was smaller than the experimental (10 m), and caused by difference of the thickness of substrate (difference of distance from the waveguide to the heat sink). Therefore, all electric power applied was effectively consumed for heating waveguide in this calculation.
Conclusions
We have analyzed thermo-optic switches with Si photonic-wire waveguide by using multiphysics heat-transfer library of COMSOL. Calculated switching response time was about 10 s which is 10 times faster than that of experimental, and calculated switching power was 17 mW which is 1/5 of that of experimental. We considered they are caused by small heater width used in the calculation and 
